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§ 4. Observation of Annular Electron
Acceleration in an ECR Plasma
about a deep understanding of the behavior of plasma
interacting with electromagnetic fields.
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Fig. 2. Time variation of the DLP current signals measured at
a surface angle f}= 3n/4. In the annular region, the intermittent
sharp spikes are seen (upper two traces), whereas no significant
signal appears in the outside (lower trace).
Fig. 1. Radial profile of the DLP current (z = 730 mm)
measured at a surface angle f}= 3n/4. The annular structure of
high-energy electrons can be seen as a pair of deep troughs
located at r = ± 3 cm.
Yoshimura, S., Tanaka, M.Y.,
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An anomalous electron-acceleration phenomenon in an
electron cyclotron resonance (ECR) plasma has been observed
in the Hyper-I device. The accelerated electrons constitute an
annular structure with its center along the magnetic field. The
sizes of annular structure are about 6cm in outer diameter and
3cm in inner diameter. The accelerated electrons have an
anisotropic velocity distribution with respect to the magnetic
field, and hence be detected as significant reduction of the ion
current or the influx of electron current collected by the
negatively biased directional Langmuir probe (DLP), which is
very sensitive to the angle f} of the normal of DLP surface. In
the previous experiments, the high-energy electrons were
observed at particular angles f} = n/4 and f} = -rc/4 (f) = 3n/4
and f}= 5n/4) in the downstream (upstream) region from the
originating point.
Figure 1 shows the radial profile of the DLP current
measured in the upstream region, where the DLP is biased at
-90Yand the probe angle f}= 3n/4. The plasma is produced at
a pressure 0.8 mTorr (Ar), and the microwave power is 10 kW.
In Fig. 1, each of the pronounced deep troughs indicates the
influx of high-energy electrons, which overcome the retarding
potential applied to the DLP. Since the profile measurements
have been carried out with the DC signals, this profile
represents the time-averaged aspect of the annular high-energy
electrons.
Next, we have measured the temporal behavior of these
electrons. Figure 2 shows the time variations of DLP current
measured with a digital oscilloscope for three different
positions (r = 2.0 cm and 3.5 cm lie within the annular region,
and r = 8.0 cm is outside the annular region). It is interesting to
note that the sharp spikes in DLP current, which correspond to
influx of high-energy electrons, are clearly seen in the upper
two traces of Fig. 2, whereas no significant signal appears in
the lower trace.
The experimental result shows that the acceleration takes
place intermittently, not in a steady manner. Usual
wave-particle interaction cannot provide a possible explanation
for the mechanism of annular electron acceleration, thus the
elucidation of this new acceleration mechanism may bring
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